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Abstract 
 
The crop growth status acquired through remote sensing can deliver a reference for the establishment of 
agricultural product regulation and control policies. Synthetic aperture radar systems are active remote sensing systems 
sovereign of weather and sun illumination. This paper presents an overview of the systematic summary of the recent 
developments of SAR remote sensing for agricultural applications and analyses the problems and future development 
trends. Optical remote sensing methods for studying crop growth status and yield are usually characterized by a grouping 
of different features that are used to build contacts with the crop bio-physical or eco-physiological parameters, such as 
chlorophyll content, leaf area index, biomass or plant water content. Synthetic aperture radar has a relevant advantage 
over optical sensors for it can obtain data in scanty weather conditions; so, it has special value in the area of agricultural 
remote sensing.  In this paper, we arranged synthetic aperture radar agriculture practice into three main categories: crop 
biomass valuation, cropland parameter evaluation, crop capacity estimation methods based on synthetic aperture radar 
data assimilation.  
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1. Introduction 
 
Food and fiber from agriculture particularly 
farming system is a central strategic material related 
to human livelihood. It is essential to be able to 
monitor the growth status of crops in a timely manner 
and estimate the crop output. Distant sensing 
technology is generally used in many fields, which 
amasses a wide range of comments in a timely 
manner and uses fewer restricted data collection 
methods. 
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Precise and timely produce mapping, planting 
area statistics and growth status monitoring are the 
requirements of complete agricultural policy-
making. With remote sensing, a varied range of crop 
development dynamic information can be found in a 
timely manner. Present crop planting area 
approximation, yield prediction are still mainly based 
on optical remote sensing because the visual images 
are simply interpreted, particularly for dry-land 
crops. Optical remote sensing approaches for 
monitoring and studying crop growth status and yield 
are usually characterized by a combination of 
different features that are used to build relationships 
with the crop bio-physical or eco-physiological 
parameters, such as biomass, chlorophyll content, 
leaf area index, plant water content [12].  
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The concept of using combinations of red and 
near infrared dimensions to estimate biophysical 
parameters of vegetation was first introduced by 
Jordan in 1969, who used a simple ratio of canopy 
diffusion to derive leaf area index. Much research has 
investigated the spectral properties of vegetation 
canopies [2, 8].  
Varied sensor working modes (such as the 
double/constellation observation, polarization 
interferometry synthetic aperture radar, tomography 
synthetic aperture radar), can help us to find more 
complete information.  
Moreover, with the development of light and 
minor synthetic aperture radar systems like 
unmanned aerial vehicle, the application of this 
method in agriculture is with great potential in the 
future. F-Sar system, which is proper for agricultural 
applications, is taken as an sample to show the 
appearances of air-borne synthetic aperture radar 
system. The main design of F-Sar is the fully 
polarimetric process in up to frequency bands (X-, S-
, L-,P-, and P, C-band), with the capacity to acquire 
data in diverse bands or polarizations at once.   
Also, the system structures two single-pass 
polarimetric interferometers at X-band as well as one 
at S-band (across-track).  T 
he F-Sar system equally has a very high spatial 
resolve (up to 25 cm at X-band) [7]. T 
he main technical parameters are exposed in 
Table 2. 
 
 
Table 1. Examples of space-borne synthetic aperture radar systems [12] 
 
 
Table 2. The main air-borne synthetic opening radar system [12] 
 
Name Nation Platform Band Polarization mode 
RAMSES France Transall 
C160 
P-W Full polarization 
DO-SAR Germany Dornier 
DO-228 
C/X/Ka Full polarization 
E-SAR/F-SAR Germany Dornier 
DO-228 
P/L/C/X Full polarization 
UAVSAR USA Gulfstream G3 L Full polarization 
EMISAR Denmark Gulfstream G3 L/C Full polarization 
AIRSAR USA DC-8 P/L/C Full polarization 
 
 
 
 
Satellite/Sensor Band Spatial resolution (m) Imaging mode 
Revisting 
interval (d) 
Polarization mode 
JERS-1/SAR L 18×24 StripMap 44 HH 
ERS-1/AMI C 30 StripMap 35 VV 
ERS-2/AMI C 30 StripMap 35 VV 
ENVISAT/ASAR C 10-30 
150-1000 
StripMap 
ScanSAR 
35 HH, VV, HH+VV, 
HH+HV, VV+VH 
TerraSAR-X X 1-2 
3 
16 
SpotLight 
StripMap 
ScanSAR 
11 HH, VV, HH+VV, 
HH+HV, VV+VH 
ALOS/PALSAR L 10-20 
100 
StripMap 
ScanSAR 
46 HH, VV,  
HH+HV, VV+VH, 
HH+HV+VH+W 
RADARSAT-1 C 10-30 
50-100 
StripMap 
ScanSAR 
24 HH 
RADARSAT-2 C 1 
3 
50-100 
SpotLight 
StripMap 
ScanSAR 
24 HH, W, HV, VH 
HH+HV, W+VH 
HH+HV+VH+W 
ALOS-
2/PALSAR-2 
L 1×3 
3-100 
60-100 
SpotLight 
StripMap 
ScanSAR 
14 HH, W, HV, VH 
HH+HV, W+VH 
HH+HV+VH+W 
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Figure 1. The broad framework of digital soil mapping [18]  
 
The use of red and near-infrared wavelengths 
has providing a basis for extensive vegetation 
assessments [3].Frequent spectral vegetation guides 
have since been defined and empirically related, by 
ground measurements, to vegetation properties such 
as percent ground cover, green area index and above-
ground biomass [6, 9]. 
Inopportunely, two-thirds of the soil’s surface 
is often obscured behindhand clouds throughout the 
year. So, in agricultural remote sensing, there are 
various challenging climate conditions to overcome 
to obtain high-quality optical remote sensing data. 
These challenges reason great difficulties in the 
formation of crop monitoring practices, crop planting 
area removals methods [10]. 
Compared with optical remote sensing, 
synthetic aperture radar distant sensing has the 
following advantages: synthetic aperture radar is an 
active remote sensing system, which makes it 
potential to frequently collect data despite of weather 
conditions.  It is also capable of night time process. 
Owing to the cloud-penetrating stuff of microwaves, 
synthetic aperture radar can acquire “cloud-free” 
pictures in all weather conditions.  
Further, this method radar remote sensing is 
complex to the geometrical characteristics of the 
plants. It is also characterized by penetrating 
property, and dependent on the regularity, it can 
obtain information under the vegetation canopy 
cover. Even in this method, remote sensing can use 
diverse imaging parameters, such as the polarization 
configurations and the incident angles of the sensor, 
to get a wealth of data.  
Centred on these advantages and 
characteristics, synthetic aperture radar remote 
sensing has significant potential in the arena of 
agricultural remote sensing [6]. This paper reviews 
the research of SAR remote sensing for agricultural 
applications and analyses the problems and future 
development trends.  
This paper starts with a brief account of the 
development of crop identification, crop mapping, 
crop growth monitoring, and crop/soil parameter 
extraction using synthetic aperture radar data. 
 
2. Available data discussions  
 
A background of digital soil mapping and its 
main mechanisms, including legacy soil data, soil 
sampling, environmental covariates, predictive 
models and relevant applications are presented (Fig. 
1). A summary of the main space-borne and air-borne 
SAR systems are accessible in Tables 1 and 2. 
The current studies on crop mapping and 
identification can be large classified into two 
categories: studies that use synthetic aperture radar 
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data alone and studies that use equally synthetic 
aperture radar and optical data. 
Crop biomass valuation. The revisions of 
biomass have received general attention in 
agricultural remote sensing. Optical data can just 
retrieve data of the surface of the sown field. This 
restrictions the application of optical data in the 
reversal for biomass. Synthetic aperture radar has 
significant potential for use in assessing crop biomass 
because of its penetration capability.  
Anterior studies show that L-band 
backscattering showed a high sensitivity to biomass 
of harvests with large leaves (e.g. sunflowers and 
corn), and advanced frequency X - and C -bands were 
in good accord with the development of crops with 
thin leaves (e.g. wheat) [13]. 
Wiseman et al. in 2015 inspected the 
relationship between the C-band RADARSAT-2 
polarimetric synthetic aperture radar data and dry 
crop biomass from corn, spring wheat and soybean, 
and arenas in Manitoba and Canada. This research 
demonstrated that polarimetric synthetic aperture 
radar account, to the accumulation of dehydrated 
biomass and that numerous radar parameters can 
exclusively identify variations in crop phenology and 
structure [17]. 
Recently, combining optical data and synthetic 
aperture radar data to retrieve the biophysical index 
of crops has become more ordinary. This method can 
solve some limitations in using single sensor data.  
For instance, Jin et al (2015) investigated the 
estimation of the LAI (an indicator of crop 
development and health and is used as an input 
variable for many crop growth and yield forecasting 
models), and biomass of winter wheat using HJ or 
RADARSAR-2 data [10]. 
Cropland parameter evaluation. The 
cropland parameters extracted using synthetic 
aperture radar remote detecting are mainly the 
cropland area roughness and soil moisture.  
Crop development monitoring and harvest 
estimation are the core products of agricultural radar 
remote sensing.  
Harvest growth yield estimation are 
appreciated by studying structural parameters and 
physiological that are tight related to crop growth 
conditions.  
For that reason, the principal work of crop 
growth yield estimation is parameter inversion. 
Quantitative remote sensing of yield and cropland 
characteristic supports regional agrarian, monitoring 
and insure an effective technical boarding to monitor 
crop evolution status.  
In the primary stages of crop parameter 
inversion, the connection between radar 
backscattering coefficients and crop parameters was 
recognized through statistical investigates. 
Some researchers examine the depolarization 
ratio X, the copolarized ratio coefficient and the 
correlation of the absolute value of the intersect 
polarization to crop height secondary from 
RADARSAT-2 data with relationship to changes in 
soil surface rugosity, soil moisture, crop height, and 
vegetation water content.  
This susceptibility analysis allowed for the 
development of quack relationships for estimation of 
the soil space roughness, crop top and crop water 
contented, heedless of crop type.  
The valuation were then used to correct the 
assumption water cloud model for soil area hardness 
and vegetation effects to recover the soil moisture 
data.  The soil moisture recover algorithm was 
assessed over mature crop domains (e.g. wheat, 
lentil, pea and canola), using soil measurements [3, 
16].In another study, Sonobe et al. (2014) determined 
the height, dry matter and moisture content of the 
crops through nearly the same range time as the 
collection of the TerraSAR-X data in the similar area 
and elaborated the connections between the synthetic 
aperture radar data and measured parameters, 
through the sigma naught and closeness.  
This study confirmed that the X-band synthetic 
aperture radar data significant potential for the 
development of an operational system for monitoring 
wheat increase [14]. 
Crop capacity estimation methods based on 
synthetic aperture radar data assimilation. There 
are a few studies on crop rise monitoring that 
combine synthetic aperture radar data and crop 
growth models. Jongschaap and Schouten (2005) 
used optical remote sensing satellite data (Landsat 5 
TM) to measure the winter wheat assess in a 5×5 km 
experimental test area in the southeast of France.  
This research used ERS SAR data to estimate 
the regional wheat flowering times to calibrate a 
wheat growth reproduction model used to calculate 
wheat yields. These analysis demonstrated that the 
results from simulation models can be functional at 
spatially higher levels with the aid of remote sensing 
data [11]. 
Dente et al. (2008) offered a method to adjust 
the leaf area index retrieved from MERIS data into 
the CERES-wheat crop evolution model, with the fair 
to improve the precision of the wheat yield 
predictions at the catchment scale. 
 The effect indicate that the LAI maps 
recovered from the ASAR data can be efficiently 
assimilated into the CERES-wheat model [5]. 
Current studies on the evaluation of crop yields 
using synthetic aperture radar data assimilation are as 
observes.  
Dente et al. (2004) establish a strong 
connection between multi-temporal series of C-band 
HH/VV backscatter ratios developed at a 40° 
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incidence angle and the wheat biomass, and they 
explored the effect of the assimilation of the radar-
retrieved information into the CERES-wheat harvest 
model [4].  
Other authors assimilated the biomass data 
retrieved from synthetic aperture radar data into the 
crop growth model to represent biomass changes 
with crop growth [15]. 
 
 
3. Conclusions  
 
Many studies have successfully applique the 
optical domain data to harvest monitoring but optical 
remote sensing may have data attainment problems 
because many decisive growth stages of crops are 
under cloud cover, which destroy the data.  
Radar remote intuiting is less affected by 
weather conditions and is very sensitive to the 
organization geometry and water content of crops.  In 
crop monitoring, optical remote sensing radar remote 
sensing have their respective advantages.   
The knowledge acquired in the field of optical 
remote sensing, coupled with current advances in 
synthetic aperture radar distant sensing, has led 
researchers to evaluate the collective contribution of 
these two origination of data by assimilating them 
into crop growth and agro-meteorological models 
[1]. Newly, the describe modes of synthetic aperture 
radar sensors are more and more ample, which can 
ensure, various types of data sources for agricultural 
remote sensing applications.   
These new sensors will allow the further 
expansion of synthetic aperture radar applications in 
agriculture, particularly in crop type mapping, crop 
condition assessment, soil moisture estimation and 
crop yield estimation.  
Synthetic aperture radar will play a more and 
more significant and irreplaceable role in the field of 
agricultural remote sensing. 
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